The present study was undertaken to investigate the nificant positive correlation was found between the 24-h LF/HF power ratio and the percentage nocturnal changes in autonomic nervous system activity in essential hypertension.
Introduction
tensive controls. They also reported that plasma norIt has been suggested that alterations in neural reguadrenaline levels were elevated in subjects with latory activity may be a cause of essential hyperten-WHO stage I hypertension but were normal in subsion. The pathophysiological role of the sympathetic jects with WHO stage II hypertension compared nervous system has been extensively investigated. [1] [2] [3] with normotensive controls. Furthermore, sympathPrevious studies have addressed this problem by etic activity has been shown to decrease as hypermeasuring the plasma catecholamine levels as an tension progresses. 2 index of sympathetic tone. Goldstein 1 
reviewed 78
Recently, an automated computer method has comparative studies of plasma catecholamine levels been developed which provides direct and quantiin essential hypertensive patients and in normotenstative indices of autonomic nervous system activity ive controls and concluded that plasma noradrenafrom the spectral analysis of spontaneous beat-toline levels were elevated in young patients with beat variations in the R-R interval. Several groups established hypertension. Iimura et al 4 also reported have reported that low frequency (LF) fluctuations that plasma noradrenaline levels in young hypertenin heart rate are mediated by the sympathetic and parasympathetic nervous systems, while high frequency (HF) fluctuations, the component linked to
Correspondence: Dr Yukihiro Hojo, Department of Cardiology, respiration, are mediated by the efferent parasympa-of heart rate variability in essential hypertension.
Power spectral analysis Guzzetti et al
12 reported that LF power is greater and Twenty-four hour ambulatory electrocardiographic HF power lower in hypertensive subjects compared monitoring was performed simultaneously with with normotensive subjects. In contrast, Chakko et ABP measurements, using an SM-50 monitoring sysal 13 described a decreased LF power in essential tem (Fukuda Denshi). Frequency domain measurehypertensive subjects with left ventricular hypertroments were made by power spectral analysis using phy. There is therefore still controversy over alterpreviously described techniques. 20-22 A commerations of sympathetic nervous activity in essential cially available Holter analyser (DMW-9000H; hypertension.
Fukuda Denshi) was used for power spectral analyIn the present study we investigated changes in sis. Ectopic beats and artifacts were removed and autonomic nervous activity in essential hyperteninterpolated using the method of Berger et al. 23 Fast sion using simultaneous ambulatory blood pressure
Fourier transformation was performed to determine (ABP) and Holter electrocardiogram (ECG) recthe frequency components. Spectral components ordings. We focused on the relationship between were obtained by a decomposition method which autonomic nervous system activity and diurnal BP was used to measure the area below each spectral variation in essential hypertension.
peak. Total spectral power (TF, beats per min 2 /Hz) was defined as the energy in the heart period power spectrum between 0.003 and 1.00 Hz, LF spectral
Subjects and methods
power between 0.04 and 0.15 Hz and HF spectral power between 0.15 and 0.40 Hz. The LF power is Subjects thought primarily to reflect the sympathetic and parFourteen normotensive subjects and 33 hypertenasympathetic nervous system and the renin-angiosive subjects participated in the study after giving tensin system. HF power, which is related to respirinformed consent. They were diagnosed by ABP ation is thought primarily to reflect efferent measurements as described below. 'Hypertension' parasympathetic activity at the cardiac level. The was diagnosed if mean 24-h systolic ABP was ratio of LF to HF power indicates a complex interacgreater than 140 mm Hg or if mean 24-h diastolic tion of sympathovagal balance at the cardiac level. ABP was greater than 90 mm Hg, based on the norEach oscillatory power is expressed as a percentage mal values described by Staessen et al. 14 No subjects of the TF power, that is, using normalised units took any antihypertensive medication. Physical (n.u.). 24 Each power was calculated every 10 min examination, routine laboratory data measurements, and averaged for each hour. urinalysis, chest X-ray and resting ECG were performed in all subjects. Secondary causes of hypertenTilt test sion were excluded using standard tests. Patients with disorders of the autonomic nervous system (eg, Twenty-seven hypertensive subjects were recruited Shy-Drager syndrome), diabetes mellitus, old myofor the tilting test. They were asked not to smoke or cardial infarction, angina pectoris, valvular heart drink coffee, tea, chocolate drinks or alcohol on the disease, congestive heart failure, sinus node rhythm day of the study. Studies were performed at the disorders or malignant hypertension were excluded. same time (11.00 am) in a quiet room at a constant Patients aged over 70 years were also excluded temperature (22°C). Subjects were trained to breathe because age-related changes in cardiovascular autoin synchrony with a metronome at 15 breaths/min nomic nervous system regulation have been (0.25 Hz). Subjects were placed on an electrically reported. [15] [16] [17] [18] driven tilt table. After at least 20 min rest for stabilisSubjects whose mean night-time systolic ABP fell ation, BP and electrocardiographic monitoring were by more than 10% compared with their mean dayperformed. Electrodes for the ECG were placed on time systolic ABP value were defined as 'dippers'. the chest using standard Holter leads. The surface The remaining subjects, whose night-time systolic ECG was recorded continuously and BP was auto-ABP did not decrease by more than 10% compared matically measured every minute. The electrocarwith their daytime systolic ABP, were defined as diographic signals were recorded for 5 min in the 'non-dippers'. 19 supine position after 10 min stabilisation and for 5 min after 10 min of 90°passive tilting. The mean BP for 5 min before and during tilting were calcu-ABP measurement lated. Power spectral analysis of heart rate variability was also performed. ABP was monitored in the right or left arm, using an FB-240 ABP monitoring system (Fukuda Denshi Co, Tokyo, Japan). Recordings started at 9.00 am and Echocardiography finished at 10.00 am the following day. The first hour was excluded from the analysis. ABP was meaEchocardiography was performed with a Sonos-2000 (Hewlett-Packard Co, Andover, MA, USA). sured automatically every 30 min. All subjects were asked to go to sleep around 23.00 and wake up
Images were acquired using a 3.5-MHz transducer.
Recordings were made at a paper speed of 50 mm/s. around 06.00 during recording. Subjects kept a diary from which 'night-time' was defined as the sleeping Left ventricular end-diastolic and end-systolic dimensions and the thickness of the interventricular time at night, the remaining time segment being defined as 'daytime'.
septum and left ventricular posterior wall thickness were measured according to the recommendations whole study population. When the correlation was examined in normotensives and hypertensives sepof the American Society of Echocardiography. 25 Left ventricular mass was calculated by the formula of arately, there was a significant negative correlation between night-time systolic ABP and the 24-h mean Devereux 26 and was divided by the body surface area to obtain left ventricular mass index. Left ven-LF/HF power ratio (r = −0.36, P Ͻ 0.05) in the hypertensive subjects ( Figure 1A) . A similar weak but not tricular hypertrophy was diagnosed if the left ventricular mass index was greater than 150 g/m 2 (men) statistically significant negative correlation was found between night-time systolic ABP and daytime or 120 g/m 2 (women). Figure 1B ). No significant correlation was found deviation). Differences between the two groups were between diastolic ABP and 24-h mean LF/HF analysed by the unpaired Student's t-test. The differpower ratio. ences before and during tilting in each group was Based on these results, we divided the hypertenanalysed by Student's paired t-test. The difference sive subjects into dippers and non-dippers accordin the distribution of WHO stages of hypertension ing to their nocturnal BP reduction and compared and the incidence of left ventricular hypertrophy autonomic nervous system activity in the two between dippers and non-dippers were analysed by groups. the 2 test and Fisher's exact test, respectively. The relationship between two parameters was analysed by the least-squares method. Differences at P Ͻ 0.05
Differences in autonomic nervous system activity were defined as significant.
between dippers and non-dippers
Of the 33 hypertensive subjects, 20 were dippers
Results
and 13 non-dippers. There were no significant difComparison between normotensive and hypertensive subjects
Of the 47 study subjects, 14 were normotensive (male/female: 9/5, mean age 51.1 ± 10.6 years) and 33 were hypertensive (male/female: 13/20, mean age 51.5 ± 8.6 years). There were no significant differences in age, sex distribution, body weight, weight or mass index between normotensive and hypertensive subjects. Casual BP, 24-h ABP, daytime and night-time ABP were significantly higher in hypertensive subjects than in normotensive controls (casual systolic: 162 ± 18 vs 133 ± 16 mm Hg, P Ͻ 0.001, diastolic: 100 ± 9 vs 82 ± 8 mm Hg, P Ͻ 0.001, 24-h systolic ABP: 142 ± 15 vs 122 ± 12 mm Hg, P Ͻ 0.001, diastolic: 100 ± 11 vs 82 ± 5 mm Hg, P Ͻ 0.001, daytime systolic ABP: 145 ± 15 vs 131 ± 10 mm Hg, P Ͻ 0.001, diastolic: 103 ± 18 vs 88 ± 8 mm Hg, P Ͻ 0.001, night-time systolic ABP: 130 ± 18 vs 116 ± 8 mm Hg, P Ͻ 0.01, diastolic: 91 ± 12 vs 81 ± 8 mm Hg, P Ͻ 0.05). There was no significant difference in pulse rate between normotensive and hypertensive subjects.
There were no significant differences in the LF/HF power ratio (24-h: 2.79 ± 1.14 vs 2.66 ± 1.14, daytime: 3.46 ± 1.53 vs 3.25 ± 1.49, night-time: 1.73 ± 1.05 vs 1.48 ± 0.86), LF power (24-h: 18.9 ± 7.8 vs 18.9 ± 5.7, daytime: 20.2 ± 8.3 vs 19.4 ± 5.2, night-time: 17.1 ± 9.1 vs 17.7 ± 7.8) and HF power (24-h: 12.9 ± 5.9 vs 14.3 ± 7.7, daytime: 8.7 ± 4.2 vs 10.1 ± 5.8, night-time: 20.0 ± 11.8 vs 22.5 ± 13.4) between hypertensive and normotensive subjects. ABP and 24-h mean LF/HF power ratio for the ferences in age (51.4 ± 5.8 vs 51.5 ± 12.0 years), sex distribution (male/female: 8/12 vs 5/8), body height (158 ± 11.1 vs 161 ± 8.5 cm), weight (62.6 ± 13.3 vs 62.6 ± 13.1 kg), or body mass index (24.9 ± 3.8 vs 24.0 ± 4.0 kg/m 2 ) between dippers and non-dippers. There were no significant differences in the WHO stage of hypertension (I/II/III: 14/5/1 vs 6/6/1) or prevalence of left ventricular hypertrophy diagnosed on echocardiography (10.0% vs 15.4%) between the two groups. Daytime started at similar times in both groups (6.23 ± 0.34 hours in dippers and 6.20 ± 0.27 hours in non-dippers) as did nighttime (23.23 ± 0.19 hours in dippers and at 23.20 ± 0.16 hours in non-dippers, timings determined by the patient's diaries).
As shown in Table 1 , there were no significant differences in daytime ABPs between the two groups. Night-time systolic ABP in non-dippers was significantly higher than in dippers. Twenty-four hour systolic ABP in non-dippers was higher than that in dippers, but the difference did not reach statistical significance; 24-h LF power was significantly lower in non-dippers than in dippers. Night-time LF power was not significantly different between the two groups, while daytime LF power was significantly lower in non-dippers than in dippers. HF power was not significantly different between the two groups. Twenty-four hour and daytime LF/HF power ratios were significantly lower in non-dippers than in dippers. Figure 2 shows the daily profiles of ABP and LF/HF power ratio in dippers and nondippers in graphical form. Table 1 Haemodynamic parameters and heart rate variability in quency power ratio in dippers and non-dippers. (A) Twenty-fourdippers and non-dippers hour systolic and diastolic BP in dippers (n = 20) and non-dippers (n = 13 
activity in dippers and non-dippers
Diastolic ABP (mm Hg) 89 ± 12 92 ± 13 Pulse rate (bpm) 66 ± 9 6 4 ± 11 Table 2 shows that BP did not change significantly with head-up tilting either in dippers or in non- nomic nervous system activity in essential hyperten- sion, the nature of the changes are still being pathetic nervous system activity between dippers and non-dippers, associated with BP elevation durdebated. The recent development of power spectral analysis of heart rate variability has made it possible ing the night. 32 We therefore divided our subjects into dippers and non-dippers according to their to evaluate more direct and quantitative information about autonomic nervous system activity. Furlan et daily ABP profiles and compared the measures of autonomic nervous activity between the two groups. al 28 reported that the LF component of systolic arterial pressure variability at rest was significantly
The daytime LF/HF power ratio was significantly lower in non-dippers than in dippers. Recently higher in hypertensive subjects than in normotensive subjects, and Guzzetti et al 12 reported that LF Kohara et al 33 reported that LF and HF powers were decreased in non-dipper type hypertensive subjects. power and LF/HF power ratio were greater in essential hypertensive subjects than in normotensive conThey did not find significant differences in 24-h mean LF/HF power ratio between dippers and nontrols in the supine position. In contrast, however, Raedaelli et al 29 reported that LF power was not sigdippers. This discrepancy may be attributable to the population of hypertensive subjects. Kohara et al 33 nificantly different between normotensive and hypertensive subjects at rest. This discrepancy may studied subjects who have once received antihypertensive treatment, while we studied untreated be due to different subject characteristics or technical considerations, such as duration or conditions hypertensives, because it has been reported that several antihypertensive agents modulate the baroreof recording or the use of different algorithms for calculation of power spectral component. In ceptor reflex sensitivity in hypertensive subjects [34] [35] [36] [37] [38] and regression of left ventricular hypertrophy addition, these studies diagnosed hypertension on the basis of casual BP measurements. Thus, it is improves the decreased cardiopulmonary reflex. 39 In our study, the daytime LF/HF power ratio was likely that subjects in previous studies might have had different BP levels, and even 'white-coat' hyperdecreased in non-dippers, while the night-time LF/HF power ratio did not differ significantly tensive subjects may have been included.
To our knowledge, few studies have investigated between dippers and non-dippers. We speculate that sympathetic nervous system activation during the the relationship between daily profiles of BP variation and autonomic nervous system activity in daytime is blunted in non-dipper type hypertensive subjects. ambulatory hypertensive subjects. Dassi et al 30 reported a nocturnal reduction of LF power in normTo confirm this hypothesis, we analysed changes in heart rate variability during sympathetic actiotensive subjects and found that this circadian variation is abolished in hypertensive subjects. Chakko vation produced by 90°tilting. Upright tilting is associated with gravitational pooling of blood that et al 13 also reported that hypertensive subjects with left ventricular hypertrophy showed decreased 24-h results in a fall in central venous pressure and stroke volume of the left ventricle. These effects activate mean LF power in comparison with normotensive controls. However, in the present study, we did not the arterial and cardiopulmonary baroreceptor reflexes. The LF/HF ratios of subjects in the resting, find any significant differences in the 24-h LF/HF ratio, LF power or HF power between normotensive supine position were not significantly different between dippers and non-dippers. In the tilted posand hypertensive subjects.
A significant negative correlation between the ition, a significant increase in the LF/HF power ratio was observed in dippers but not in non-dippers. 24-h LF/HF power ratio and night-time ABP was observed in our hypertensive subjects. Further, a Several studies have described an impaired arterial baroreceptor reflex 40, 41 and cardiopulmonary reflex significant positive correlation was found between the 24-h LF/HF power ratio and the percentage nocin patients with essential hypertension. 39,42,43 Giannattasio 39 reviewed the depressed cardiopulmonary turnal reduction of systolic ABP in hypertensive subjects. These results suggest that sympathovagal reflex in subjects with left ventricular hypertrophy and concluded that thickening of the cardiac wall balance shows a closer relationship to nocturnal reduction of systolic BP than to the mean 24-h ABP reduces cardiac distensibility, making ventricular receptors less sensitive to stimuli, such as non-hypolevel. ABP monitoring has revealed that there is a subset of hypertensive patients who have persisttensive lower body negative pressure and head-up tilting. Radaelli et al 29 reported that LF power in the ently high BP during the night (non-dippers). 31 In our previous study, we reported differences in symtilted position did not increase significantly in autonomic nervous system activity than change in 130-138. heart rate by sympathetic nervous stimulation.
